The correlation between the celestial tidal forces and earthquakes has been a controversial problem, although its research history is very long. This paper analyzes the relation between the tidal forces and all the earthquakes of magnitudes no less than 7.0 which occurred in the entire world from year 1900.0 to 2000.0 by calculating tidal forces and the run tests which yields the runs of earthquakes near the extreme and non-extreme values of the tidal forces. It is shown that the occurrence of an earthquake is relevant to the tidal forces. From the analysis of the relation between the ecliptic longitudes of the lunar ascending node and the seismic activities of the principal seismic belts and regions in the world, it is also shown that the lunar node tide is possibly one of the important astronomical contributing factors of the seismic activities there. The results enrich and support the relevant study of the relation between celestial tidal forces and earthquakes.
Introduction
The occurrence of a moonquake is closely affected by tidal forces on the moon generated by the Earth and the Sun. This has already been studied and confirmed [1, 2] . As for the correlation between the celestial tidal forces and earthquakes, it remains although the research history is very long and many papers have been published it remains controversial problem [3] . The studies of this subject carried out both in China and elsewhere can be roughly divided into two categories:  The time sequence of certain tidal component is calculated. The statistics of phases corresponding to the earthquake-generating times or the earthquake-generating frequencies are evaluated by different methods [4, 5] , alternatively, the correlation between the earthquakes and tidal-component is directly found values from the statistics of the tidal periodicity of the earthquake-generating times [6] .  The tidal-force indeed shear stress in the sliding direction of a causative fault is calculated, mainly based on the angle of stress. The relation between the earthquakes and tidal effects is consequently discussed from the result in different aspects [7, 8] . Different and even contradicting conclusions have been reached by adopting different methods in these papers. In this paper the method of run test is used. It is different from the methods is previous studies. The relation between the great earthquakes over the world and the celestial tidal forces is thus studied in the perspective of entire time sequence, leading to the conclusion that they do relate to each other. Another difference is that not the earthquakes in a single region but all earthquakes in the world are studied, according to the seismic belts or regions. The phenomenon that earthquakes generally happen with a period of 18.6 years in the main seismic regions of the world suggests that the lunar node tide (i.e. the tidal effect from the Moon at lunar node) should be an important astronomical factor which influences the seismic belts or regions hosting potential new earthquakes.
Celestial Tidal Force Has Close Relation
to the Occurrence of an Earthquake
Tidal Force
The resultant of forces (vector difference) of the lunisolar gravitation exerted on the unit mass of the Earth and the inertial centrifugal force produced from the revolution of the Earth round the common center of mass of the Moon and Earth is called the tide generating force, that is to say, the difference between the gravitation exerted on some part of the attracted celestial object and that exerted on the part with the same mass at the center of the object is regarded as the tide generating force (Fang, 1984; Fu 1985; Melchior, 1978) . From this the calculation formula of the tide generating force exerted on a particle with a unit mass can be obtained as follows [9] :
KMr F = D and s F = 3 3 KMr sin2Z 2 D here F r and F s are respectively the vertical and horizontal components of the tide generating force, with F r being taken as negative when pointing to the geocentre and F s being positive when pointing to the celestial object, K is the gravitational constant, r is the earth's radius, and M is the mass of the celestial object. D is the distance from the object to the geocentre. Z is the zenith distance of the celestial object. From the above-mentioned formula it can be calculated that though the solar mass is 2.7 million as much as the lunar mass, the distance between the Moon and Earth is only 1/390 of the distance between the Sun and Earth, and therefore the tide raising force of the Moon is 2.25 times as much as that of the Sun, with both belonging to the same order of magnitude while the tidal force on a point of the earth's surface exerted by each of the other planets is several orders of magnitude less than that exerted by the Moon, and therefore the tidal forces of the other planets can be neglected.
Run Test
One of the most strong points of the run test is that the distribution of the stochastic variable need not be taken into account and it is a nonparametric method. A sequence is considered which consists of n observed values of the stochastic variable x. The variable x is divided into two kinds which repel each other, and can simply be expressed with the positive sign (+) and negative sign (-). The simplest example is the sequence, which is obtained by throwing a coin, with each observed value being either positive (+) or negative (-). The second example, assuming that a sequential measured value is x i (where i = 1, 2, 3,, n) and their mean value is x 0 , and then it is (+) when x i ≥ x 0 and it is (-) when x i < x 0 . The third example, a double sequence consists of two serial observations x i and y i (where i = 1, 2, 3,, n), where each pair of the observations are (+) when x i ≥ y i or (-) when x i < y i . In any case the observed sequence obtained by the positive sign (+) and negative sign (-) can be written as:
+ + -+ + -+ + + -+ --+ --+ ---1 2 3 4 5 6 7 8 9 10 11 12 A run is defined as a segment of the sequence to include the same category of outcomes as many as possible. There are N = 20 of runs observations in the above illustration, with the number of runs being r = 12. The number of an observational sequence shows whether the outcomes of the stochastic variable are independent or correlated. The run test can be directly used for analyzing data and a test for the existence of systematic pattern of a single observational sequence may be given as follows.
Let the assumption be that there is no clear pattern in a sequence which consists of N independent observations of the same stochastic variable. Under the assumption that the observations with + are equal to those with −, the sampling distribution of the number of runs in the sequence is determined by the run-distribution theory. From the comparison of the observed number of runs to the opened interval (r n , 1−α/2 , r n , α/2 ), the assumption can be tested under any required level of significance α, where n = N/2. If the number of runs lies inside this opened interval the assumption is accepted within the confidence level. Otherwise, the assumption is rejected as not having sufficiently confident evidence [10] .
Test of the Influences on Great Earthquakes from the Celestial Tidal Forces
Engdahl and Villasenor [11] collected the statistics of seismic records of all countries in the world and found, as a result, that the records of earthquakes of M ≥ 7.0 have been complete and reliable since 1900. In order to determine whether the occurrence of an earthquake is correlated with the celestial tide generating force or not, and to let the conclusions obtained from analysis be reliable and reveal the true characteristics of the matter, all the earthquakes events analyzed in this article are selected from the "Global seismicity (2) here M correspond the magnitude determined by surface wave. Unit of E is erg. Form which it is not difficult to know that if earthquake is one order greater than another in magnitude the energy released by the former will be 30 times greater than the latter. Thus as far as the energy released by earthquakes is concerned, it is mainly concentrated on great earthquakes. The destruction caused by earthquakes mainly also comes from the great earthquakes.
It is considered that all over the word the earthquakes of M ≥ 8.0 are too few while those of M < 7.0 are too many. In addition, there are some earthquakes of M < 7.0 caused by artificially created factors (such as the nuclear explosion, construction of large dams and reservoirs, etc.), and the reliability of the catalogue of the earthquakes of M < 7.0 is not good as that of M ≥ 7.0. Based on these reasons all the earthquakes of M ≥ 7.0 are selected by us as the object for analyses. As for analyses of every year we take the frequencies of the earthquakes of M ≥ 7.0 in that year and do not compute their energies.
Based on the time of occurrence of an earthquake and the longitude and latitude of the epicenter, the celestial tidal force exerted on the epicenter when the earthquake occurs is calculated and the run tests are respectively given to three sequences of the tidal force (i.e., the resultant, vertical component and horizontal component of the tide generating force), or the runs at which the earthquake occurs near the extreme and non-extreme values are calculated. It is found from the results that for the resultant, vertical component and horizontal component, the runs at which the earthquake occurs near the extreme and non-extreme values are respectively 1030, 1046 and 510. The null hypothesis is taken as that the occurrence of the earthquake has no relation to the celestial tidal force, then for the level of significance α = 0.05, the acceptance region of the assumption n = N/2 = 776 should lie in the opened interval (656, 906). Evidently, all the runs of the above mentioned three sequences lie outside this opened interval, and therefore the null hypothesis is rejected. In other words, the occurrence of an earthquake and the tidal force have obvious potential tendency, i.e. the occurrence of an earthquake has some relation to the celestial tidal force.
Seismic Activities of Principal Seimic Belts in the Whole World and Lunar Node Tide

Existence of Period of 18.6 Years in Seismic Activities in Principal Seismic Belts in the World
As already pointed out, among various celestial tidal forces the lunar-origin tidal force is the greatest, and the next important is the solar-origin tide fore. Therefore the tidal force of the lunar origin becomes the prior subject in our study. During the studies of the characteristics of seismic activities, many researchers have found that the earthquakes in a certain region or belt have periodicity in activities [13, 14] . There were 5 active periods of strong earthquakes and 5 calm periods in China in the 20th century [15] with the period being 18.6 years [16] . There may be similar periodicity of earthquakes over the entire world as well. If the earthquakes of M ≥ 7.0 in the entire in the 20th century are collectively analyzed, there is no evidence for such periodicity. However, the period of 18.6 years apparently exists for the earthquakes in a limited region associated with boundaries between tectonic plates. The phases of the cycles of earthquake frequentcies in different seismic belts or regions are different. This causes the period of 18.6 years not seen in the data covering the entire world. The differences in phases are understandable. Because the occurrences of earthquakes are related to certain geological structures, only in the areas with the same or similar seismotectonics, their seismic activities can have the same or similar laws. Therefore, the earthquakes in different regions need to be studied separately, otherwise little pattern of the seismic activities can be found. It is the very reason why the regularity of the seismic activities has not been revealed from the analyses of the combined data of all earthquakes of M ≥ 7.0 over the world. As pointed out by Chen Yong, regularity and randomness coexist in seismic activities, of which above 90% are distributed near the boundaries between tectonic plates [17] . The theory of tectonic plates holds that the crust of the Earth consists of some rigid blocks or plates, the interior of a plate is relatively stable, many phenomena, such as submerging, colliding and shearing, occur at the boundaries between the plates and the mutual movements between the plates cause the formations and occurrences of earthquakes. A plate drifts under the joined influence of the centripetal force from the Earth rotation and the mantle plume heat convection. The Celestial tidal forces periodically trigger the release of the stress energy accumulated along the boundaries between plates, in the forms of the seismic energy and volcanic energy [18] .
Since the major earthquakes are mainly concentrated near the boundaries between the tectonic plates [19, 20] , we divided the seismic belts of the major earthquakes over the world along the plate boundaries into 11 regions (Figure 1) . We find for separate analysis that the seismic activities of each region have a period of 18.6 years. There are 1416 earthquakes of M ≥ 7.0 in the 11 regions in total making up 91.2% of all the earthquakes of M ≥ 7.0 of the world. The remaining 137 earthquakes of M ≥ 7.0 did not appear to be in the 11 regions.
Lunar Node Tide Is an Important Earthquake-Pregnant Astronomical Factor in the Principal Seismic Belts and Regions in the World
The period of 18.6 years equals to the period of the Earth main nutation term, and also of the motion of the lunar node. The Moon revolves around the Earth in its orbit, while the lunar orbit shifts under the action of the solar gravitation. Therefore, the node of the lunar orbit on the ecliptic (i.e., the plane of the Earth's orbit) moves westward, causing the ecliptic longitude of the lunar ascending node to steadily decrease. The ecliptic longitude of the lunar ascending node is expressed by the equation [21] : as much as that of the solar origin. During the steady westward motion of the lunar ascending node, the obliquity between the lunar orbit and to the ecliptic varies in the range 4˚57' to 5˚19', thereby causing the obliquity between the lunar orbit and the Earth equator to vary, in the range18.4˚ to 28.8˚, with a period of 18.6 years. The variation in the obliquity between the lunar orbit and the Earth equator translates into the variation in the range of the declination of the lunar motion in a tropical month and ultimately the latitude range of strong tidal effects of lunar origin on the Earth surface, thereby controlling the range of motion of the Moon in the equatorial zone and evidently controlling the latitude zone of the tidal force on the Earth's surface affected by the Moon. Therefore, the influence of the inclination of the Moon's path with the equator results in the tidal force exerted by the Moon on the Earth's surface.
where T is the number of Julian centuries elapsed from J2000.0. This equation can be used to calculate the longitude of the lunar ascending node for the moment of any earthquake. The distribution of the ecliptic longitudes of the lunar ascending node at the time of earthquakes in the region under study can thus be obtained. This allows us to find potential concentration patterns of the ecliptic longitude of the lunar ascending node at the time of occurrence of the earthquakes in each studied region, i.e. including the periods of the seismic activities there. By taking the uniform distribution as the null hypothesis we carry out the χ 2 test for each region. A sampling point is taken in the active period or in the calm period, and the degree of freedom evidently equals to one. Under degree of freedom is equal to 1, if χ 2 > 3.841, the null hypothesis can be rejected with the 95 percent this confidence level, and the periodicity of earthquakes to concentrate within the mentioned active period is highly likely. The test of results show that the values of χ 2 are all greater than 3.841 as listed in Table 1 . Therefore, the seismic activities in each region studied have significantly shown a period of 18.6 years. The interval of strong seismic activities N is associated with an opened interval of the ecliptic longitude of the lunar ascending node in the Table 1.
It is well known that the pattern of seasons in the southern hemisphere of the Earth is opposite to that of the northern hemisphere due to the difference between the amounts of solar radiation received (which in turn depend upon the incident angles of the sunlight beams), e.g., when there is a hot summer in the southern hemisphere, there is a severe winter in the northern hemisphere (Pen & Lu, 1983) . The most fundamental reason for this phenomenon is that there exists the obliquity of the ecliptic from the equatorial plane of the Earth. Simi larly the obliquity of the Lunar orbit from the terrestrial equatorial plane is probably the astronomical factor causing the latitude dependence of the seismic activities. The tidal forces of solar and lunar origins not only cause the sea tides on the Earth surface but also deform the elastic Earth mantle, consequently redistribute the matter and change the gravitational field of the Earth [22, 23] . The tidal force of the lunar origin is 2.25 times
Discussion
1)
A new method, which is to study earthquakes in Total sample is the time of occurrence of an earthquake in the studies region from 1900.0 to 2000.0; N is an opened interval of strong seismic activities with the ecliptic longitude of the lunar ascending node; Sample is the time of occurrence of an earthquake in the opened interval N.
separate regions and employs run tests, is adopted in this paper. If the earthquakes of the entire world are considered collectively, there is no evidence of the period of 18.6 years. The situation changes little if the earthquakes in apparently ill-defined regions are studied. The key to the question is to divide earthquake regions reasonably. Through the run tests of the occurrences of earthquakes near the extreme values and non-extreme values of the celestial tidal forces we reach the conclusion that the occurrences of earthquakes are related to the celestial tidal forces. We thus emphasize the importance of adopting proper regions of seismic activities and using the run tests in probing the influences of tidal forces on earthquakes.
2) The contribution of astronomical factors on the earth is a global effect. However, at different time one of the astronomical factors plays a role in different region on the earth. Response regions are confined to the area where potential movement in the atmosphere and crust is highly unstable. Therefore natural calamities induced by astronomical factors are regional effects [24] .
3) The variation of the obliquity of the lunar orbit causes variation in the tidal force of the lunar origin. The amplitude of the tidal force of the lunar node is smaller than that of the tidal force at the semidiurnal diurnal, or leading to semi-monthly tides (Gao, 1997) . Studies have already verified that the tidal forces of the semidiurnal, diurnal, and semi-monthly tides play triggering roles in the earthquakes in some regions [25] [26] [27] [28] [29] [30] . According to the theory of dissipative structures, when the earthquakeformation and energy accumulation have already been in an extreme unstable state, which is far away from the equilibrium, any small fluctuation can be enlarged to cause the giant fluctuation of the geological system, thereby inducing an earthquake [31] . The so-called trigger means that an earthquake may be triggered at any moment when the earthquake-pregnency has arrived at the moment of occurrence of the earthquake. So that the lunar node tide may not play a trigger role in the occurrence of an earthquake or may and probably it participates in the earthquake-pregnant activities, or the longterm action of the lunar node tide joins the earthquakepregnant process in the seismic belt and the accumulative effect of its action is added to the accumulation of the regional energy and to deviate the area from slowly stable [32, 33] . The details of such modulation mechanism need to be studied in future.
4) The period of 18.6 years in the seismic activities is only statistical. From Table 1 it can be clearly seen that except for the phase differences, the patterns of cycles of different regions are also different: some have longer active times and some have considerably short active times. An earthquake is an extremely complicated process, as it is affected by many factors internal and external to the Earth's (the internal factors are more important, since the external factors affect through the internal factors), and therefore, earthquakes cannot have exact periodically.
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